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Abstract 
Water pollution is a major global problem.One of the main causes of ground water contamination is the effluent from septic 
tanks. Treatment of domestic wastewater using conventional septic tank is found to be inefficient leading to increased soil and 
ground water contamination. It’s very important to protect surface and ground water from contamination. So there is a need for 
improving conventional septic tank. The purpose of this study was to investigate the effect of a modified septic tank system for 
treating domestic wastewater. Modified septic tank system is a simple means of treating domestic wastewater using the treatment 
mechanisms such as anaerobic digestion and disinfection. The effect of vertical baffles coupled with an anaerobic reactor on 
septic tank system was analysed. The reactor selected for the study consists of copper modified zeolite as an adsorbent which will 
also act as filter media on which attached growth process takes place. The results showed that vertical baffled septic tank(VBST) 
coupled with zeolite filter shows a good treatment system. The results also showed that vertical baffled septic tank coupled with 
zeolite filter with disinfection shows a removal of 99.99% total coliforms, 99.57% of TSS, 46.83% Ammonia nitrogen, 31.08% 
of nitrate nitrogen, 48.39% of total kjeldahl nitrogen, 94.4% of BOD and 71.74% of Phosphates.This study focuses on an 
economical and efficient decentralized treatment method for treating domestic waste water. 
 
© 2016 The Authors. Published by Elsevier Ltd. 
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1.Introduction 
Water is essential to sustain life, and a satisfactory supply must be available to all. One of the most essential sources 
of fresh water contributing a major portion of the world’s drinkable water is the Ground Water.  
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Due to excessive pumping of ground water and uncontrolled wastewater discharge by man into the ground water, 
pollution of aquifer has become a common problem. Water pollution is a major global problem which requires 
ongoing evaluation and revision of water resource policy at all levels.[2] Residential, municipal, commercial, 
industrial, and agricultural activities can all affect groundwater quality. In areas where population density is high 
and human use of the land is intensive, ground water is especially vulnerable.[1]Contamination of ground water can 
result in poor drinking water quality, loss of water supply, degraded surface water systems, high cleanup costs, high 
costs for alternative water supplies, and/or potential health problems. The consequences of contaminated ground 
water or degraded surface water are often serious. Faecal pollution of drinking water has frequently caused 
waterborne diseases. The presence of E. coli in water is a strong indication of recent sewage or animal waste 
contamination.Modified septic tank treatment system is a simple means of treating domestic wastewater using the 
treatment mechanisms such as anaerobic digestion and disinfection. Domestic wastewater is the water that has been 
used by a community and which contains all the materials added to the water during its use. It is thus composed of 
human body wastes (faeces and urine) together with the water used for flushing toilets, and sullage, which is the 
wastewater resulting from personal washing, laundry, food preparation and the cleaning of kitchen utensils. This 
research was focused on the capability of this modified septic tank system in removing the pollutants.[1] 
1. Materials and methods 
A modified septic tank is used in this study to treat the domestic wastewater. Anaerobic treatment is performed in 
this study. Due to the difficulty in conducting the experiment with original domestic wastewater, synthetic 
wastewater was prepared. 
1.1. Synthetic wastewater preparation 
The synthetic wastewater was prepared using distilled water and contained peptone of 350mg/l, beef extract of 
140mg/l, ammonium carbonate of 50mg/l, urea of 40mg/l, sodium chloride of 35mg/l, calcium chloride of 20mg/l, 
dipotassium hydrogen phosphate of 20mg/l, and magnesium sulphate of 10mg/l. Synthetic wastewater is seeded 
with cow dung to get coliform concentration range of 109 CFU / 100 ml using trial and error method. 
1.2. Experimental setup 
The treatment unit is made with a box of closed acrylic glass of dimension 60 X 15 X 26. The box is divided into 3 
compartments. The first compartment is provided with 4 numbers of vertical baffles of 5.7cm spacing of size 30cm 
X 15cm X 26cm inside which anaerobic digestion takes place. Second compartment is acting as anaerobic reactor 
where an up-flow pattern is made with half the length and volume of the first compartment. Disinfection 
compartment is also having half the length and volume of the first compartment. They have ‘T’ shaped inlet and 
outlet pipes and are fitted with sampling ports to collect treated water. After being treated in the anaerobic reactor, 
as a second step, the treated effluent was disinfected in the disinfection tank which is the third chamber. Bleaching 
powder dosages used for treatment were 0.25gm/l, 0.50gm/l, 0.75gm/l, and 1gm/l. After each bleaching powder 
dosages samples were collected for the analysis. The collected effluents are analysed for various parameters. 
As a first step, the synthetic wastewater was allowed to pass through septic tank system with vertical baffles. This 
septic tank has a series of compartments separated by baffle walls where the effluent from one compartment is 
directed downward to flow up through the settled sludge blanket of the next compartment in series. This experiment 
was conducted with different HRTs, 24 hour, 48 hour and 72 hour. And the effluent was collected at various HRTs. 
The collected effluents were analysed for BOD, Total coliforms, TSS, Ammonium Nitrogen, Nitrate Nitrogen and 
Phosphate according to standard methods. The effluent from this baffled anaerobic treatment tank is made to flow 
into the second chamber. The second compartment acted as anaerobic reactor filled with copper modified zeolite 
that acts as adsorbent as well as filter media on which attached growth process takes place. The crushed zeolite have 
a bulk density of 1.054kg/l, void ratio of 1.28, porosity of 0.56 and a specific gravity of 2.40. 
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1.3. Copper modification of Zeolite 
The natural zeolite was broken into pieces and is sieved to sizes in the range of 5-10mm. The physical properties of 
the zeolite like bulk density, void ratio, porosity and specific gravity were determined in the material testing 
laboratory. The zeolite was then washed with distilled water to remove turbidity and dried.Copper modification of 
zeolite promotes the reduction or inactivation of total coliforms. Here 200ml zeolite is mixed with 250ml 2 M 
sodium chloride. The slurry is gently rotated for 48hrs, and the sodium chloride solution is replaced with fresh 
solution every 24hrs. The media (denoted as Na- Zeolite) is then obtained and is separated and washed with de-
ionized water. 80g of wet Na-Zeolite is added into 4 litre of copper chloride solution (the copper content is 5% by 
weight of zeolite) and the slurry is rotated gently for 24hrs. The solution is then replaced with fresh copper solution 
and rotated for another 24 hrs. The particles are then separated and washed thoroughly and dried at 110oC overnight, 
which is denoted as Z-Cu2+.[4] 
2. Results and discussion 
The analysis considers the percentage removal of various parameters while using modified septic tank system.  
2.1. Characteristics of synthetic waste water 
Table 1 shows the initial quality of synthetic domestic wastewater, before any treatment was done. 
 
                                          Table 1. Characteristics of Synthetic Wastewater 
Parameters  Test method  Concentration 
pH IS-3025 -1983 7.4 
Ammonium nitrogen IS-3025 -1988 79.5 mg/l 
BOD ( 5day) IS-3025 -1993 340.9 mg/l 
Nitrate nitrogen  IS-3025 -1988 0.74 mg/l 
Ammonia nitrogen IS-3025 -1988 79 mg/l 
Total Kjeldahl Nitrogen(TKN) IS-3025 -1988 112 mg/l 
Phosphate IS-3025 -1988 24 mg/l 
TSS IS-3025 -1988 42 mg/l 
Total coliforms(CFU/100 ml) IS-1622:1981 6.4x 109 
 
2.2. Performance of Vertical baffled septic tank(VBST) coupled with zeolite filter (Z-Cu2+ of 5cm depth) 
 
                       Table 2. Concentration of various parameters under different HRTs using 5cm depth filter 
 
 
 
 
 
H 
R 
T 
(hrs) 
Total 
coliform 
(CFU/ 
100ml) 
T 
S 
S        
(mg/l) 
Ammonia 
N2 
(mg/l) 
Nitrate 
N2 
(mg/l) 
T 
K 
N 
(mg/l) 
B 
O 
D  
(mg/l) 
Phosphate  
(mg/l) 
24 2.1 
x106 
0.198 65 0.7 110 210.5 10.5 
48 6.4 
x105 
0.188 55 0.65 99.8 168 7 
72 4.6 
x105 
0.185 47 0.59 92.5 110.5 6.2 
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Fig. 1. Percentage removal Vs HRT using 5cm depth zeolite filter 
Table 2 shows concentration of various parameters under different HRTs. Total coliform concentration after 
anaerobic treatment process in the baffled tank was 2.1x109 C.F.U. /100ml. This was decreased to 4.6 x 105 
C.F.U/100ml after 72hrs HRT. This shows, inactivation efficiency was maintained in the system and also 
incorporation of Z-Cu2+ as filter media might be beneficial to enhance inactivation of trapped Total coliforms in 
filter media. 
The concentration of 5-day Biochemical Oxygen Demand at initial stage is 340.9 mg/l. At 72 hour HRT, BOD 
concentration decreased to 110.5 mg/l. This is mainly due to the adsorption capacity of natural zeolites for organic 
matter and anions. Concentration of TSS decreases due to settling of solids. At 72 hour HRT, concentration of 
Ammonia Nitrogen, Nitrate Nitrogen, TKN and Phosphate are 47 mg/l, 0.59 mg/l, 92.5 mg/l and 6.2 mg/l 
respectively. Concentration of these parameters decreases with increasing time.Figure 1 shows the average removal 
efficiencies of various parameters after treatment by vertical baffles coupled with zeolite filter. The analysis shows 
that removal efficiency of various parameters increases with time. Maximum removal efficiency is obtained at 72 
hour HRT. Here the major removal is obtained for TSS, Total coliforms, BOD and phosphates. At 72hrs HRT the 
percentage removal of TSS, Total coliform, BOD and phosphate were 99.99, 99.63, 67.58 and 55.71 respectively. 
2.3. Vertical baffled septic tank (VBST) coupled with Ze-Cu2+ filter (5cm depth) followed with disinfection 
Table 3 shows the concentration of various parameters for VBST coupled with zeolite filters of depth 5cm followed 
by disinfection at different bleaching powder dosages. The result shows that disinfection has significant effect on the 
removal of BOD and total coliforms. The other parameters are having no significant effect on disinfection. 
                     Table 3. Concentration of various parameters under different bleaching powder dosgaes using 5cm depth filter 
 
 
 
 
 
 
 
 
Bleaching 
powder 
dosages 
(gm/l) 
Total 
coliform 
(CFU/ 
100ml) 
T 
S 
S      
(mgl
) 
Ammo
nia N2 
(mg/l) 
Nitrate 
N2 
(mg/l) 
T 
K 
N 
(mg/l) 
B 
O 
D  
(mg/l) 
Phosphate  
(mg/l) 
0.25 640 0.18 47 0.59 92.5 97.5 6.2 
0.5 43 0.18 47 0.59 92.5 74 6.2 
0.75 12 0.18 47 0.59 92.5 68.9 6.2 
1 3 0.18 47 0.59 92.5 44 6.2 
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The concentration of Total coliform in the effluent from VBST coupled with zeolite filter of 5cm is 4.6X105(before 
giving disinfection). This was reduced to 3 CFU/100ml at a bleaching powder dosage of 1gm/l. The concentration of 
BOD in the effluent from VBST coupled with zeolite filter of 5cm is 110.5mg/l (before giving disinfection). This 
was reduced to 44mg/l at a bleaching powder dosage of 1gm/l. Table 3 shows Total coliform is having a percentage 
removal of 99.99% at different bleaching powder dosages. BOD is having a percentage removal of 71.4, 78.3, 79.8, 
87 for different bleaching powder dosages while using a filter depth of 5cm.  
2.4. Performance of VBST coupled with zeolite filter (Z-Cu2+ of 10cm depth) 
Table 4 shows concentration of various parameters under different HRTs. Total coliform concentration was 
decreased to 2400 C.F.U/100ml. As the time increases, BOD concentration decreases. At 72 hour HRT BOD 
concentration was decreased to 98.4 mg/l. The initial concentration of TSS is 42 mg/l and is reduced to 0.180 mg/l 
at 72hrs HRT. At 72 hour HRT, concentration of Ammonia Nitrogen, Nitrate Nitrogen, TKN and Phosphate are 45 
mg/l, 0.55 mg/l, 85.4 mg/l and mg/l respectively. Figure 2 shows the average removal efficiencies of the above 
parameters after treatment by VBST coupled with anaerobic reactor. The average percentage removal of Total 
coliform, TSS, Ammonia Nitrogen, Nitrate Nitrogen, TKN, BOD and Phosphate for HRT of 72 hour were 99.99, 
99.57, 43.04, 25.67, 23.75, 71.13 and 56.42 respectively. 
 
                    Table 4. Concentration of various parameters under different HRTs using 10cm depth filter 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Percentage removal Vs HRTusing 10cm depth filter 
3.5.Vertical baffled septic tank (VBST) coupled with Ze-Cu2+ filter (10cm depth) followed with disinfection  
Table 5 shows the concentration various parameters for VBST coupled with zeolite filters of depth 10cm followed 
by disinfection at different bleaching powder dosages. The parameters like TSS, Ammonia nitrogen, Nitrate 
Nitrogen, TKN and Phosphates are having no significant effect on disinfection.Table also shows Total coliform is 
having a percentage removal of 99.99% at different bleaching powder dosages while using a filter depth of 10cm. 
BOD is having a percentage removal of 74.5, 79.9, 85.5 and 92.7 for different bleaching powder dosages while 
using a filter depth of 10cm. 
HRT 
(hrs) 
Total 
coliform 
(CFU/ 
100ml) 
TSS      
(mg/l) 
Ammonia 
N2 
(mg/l) 
Nitrate N2 
(mg/l) 
TKN 
(mg/l) 
BOD  
(mg/l) 
Phosphate  
(mg/l) 
24 4.6x105 0.188 65 0.66 98 197.5 7.6 
48 2.1x104 0.183 59.8 0.61 91 135 6.9 
72 2400 0.180 45 0.55 85.4 98.4 6.1 
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                   Table 5. Concentration of various parameters under different bleaching powder dosgaesusing 10cm depth filter 
 
 
 
 
2.5. Performance of Vertical baffled septic tank (VBST) coupled with zeolite filter (Z-Cu2+ of 15cm depth) 
Table 6 shows concentration of various parameters under different HRTs. Total coliform concentration after 
anaerobic treatment process in the baffled tank was 2.1x109 C.F.U/100ml. This was decreased to 390C.F.U./100ml. 
The concentration of 5-day BOD at initial stage is 340.9 mg/l. At 72 hour HRT, BOD concentration decreases to 
87.5 mg/l. The initial concentration of TSS is 42 mg/l and is reduced to 0.182 mg/l at 72 hrs HRT. At 72 hour HRT, 
concentration of Ammonia Nitrogen, Nitrate Nitrogen, TKN and Phosphate are reduced to 42 mg/l, 0.51 mg/l, 57.8 
mg/l and 6.1 mg/l respectively. Figure 3 shows the average removal efficiencies of the above parameters after 
treatment by VBST coupled with anaerobic reactor. The result shows at an HRT of 72 hour the percentage removal 
of Total coliform, TSS, Ammonia Nitrogen, Nitrate Nitrogen, TKN, BOD and Phosphate were 99.99, 99.57, 46.83, 
31.08, 48.39, 74.33 and 71.74 respectively. It is observed that all the parameters had shown significant reduction. 
The analysis shows that removal efficiency of all the parameters increases with time and the maximum removal 
efficiency is obtained at 72 hour HRT. 
                      Table 6. Concentration of various parameters under different HRTsusing 15cm depth filter 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Percentage removal Vs HRTusing 15cm depth filter 
Bleaching 
powder doses 
(gm/l) 
Total 
coliform 
(CFU/ 
100ml) 
T 
S 
S          
(mg/l) 
Ammonia 
N2 
(mg/l) 
Nitrate 
N2 
(mg/l) 
T 
K 
N 
(mg/l) 
B 
O 
D  
(mg/l) 
Phosphate  
(mg/l) 
0.25 430  0.18  45  0.55  85.4  87  6.1  
0.5 210  0.18  45  0.55  85.4  69  6.1  
0.75 3  0.18  45  0.55  85.4  49.4  6.1  
1 3  0.18  45  0.55  85.4  25  6.1  
HRT 
(hrs) 
Total 
coliform 
(CFU/ 
100ml) 
T 
S 
S         
(mg/l) 
Ammonia 
N2 
(mg/ 
l) 
Nitrate 
N2 
(mg/l) 
T 
K 
N 
(mg/l) 
B 
O 
D  
(mg/l) 
Phosphate  
(mg/ 
l) 
24 430 0.195 62 0.6 89 148 7.2 
48 230 0.184 52.4 0.57 64.5 99 6.3 
72 390 0.182 42 0.51 57.8 87.5 4 
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The higher efficiency of natural zeolite to remove BOD, Nitrate Nitrogen, Ammonia Nitrogen, TKN and Phosphate 
could be attributed to its adsorption capacity, to adhere not only Nitrogen ions, but also micro-organisms forming 
biofilm around zeolite particles. The zeolites adsorb the nutrients and phosphates and will lower the ammonia 
content. The zeolites will attract the dispersed particulates and filaments and thus increases the TSS removal. Here 
the non-settleable and dissolved solids contained in the effluent from baffled septic tank is anaerobically digested 
within a short retention time as they are brought into close contact with the active bacterial mass fixed on the filter 
material. The removal was observed probably because of Nitrogen and Phosphate utilisation by micro-organisms 
attached to Zeolite filter.[3] 
2.6. Vertical baffled septic tank (VBST) coupled with Ze-Cu2+ filter (15cm depth) followed with disinfection 
Table 7 shows the concentration of various parameters for VBST coupled with zeolite filters of depth 15cm 
followed by disinfection at different bleaching powder dosages. The parameters like TSS, Ammonia nitrogen, 
Nitrate Nitrogen, TKN and Phosphates are having no significant effect on disinfection.  
 
                    Table 7. Concentration of various parameters under different bleaching powder dosagesusing 15cm depth filter 
 
 
 
 
 
 
The concentration of Total coliform in the effluent from VBST coupled with zeolite filter of 15cm is 390 (before 
giving disinfection). This was reduced to 3 CFU/100ml at a bleaching powder dosage of 1gm/l. The concentration of 
BOD in the effluent from VBST coupled with zeolite filter of 10cm is 87.5mg/l(before giving disinfection). This 
was reduced to 25mg/l at a bleaching powder dosage of 1gm/l. Result shows Total coliform is having a percentage 
removal of 99.99% at different bleaching powder dosages. BOD is having a percentage removal of 86.2, 88.9, 92.3 
and 94.4% for different bleaching powder dosages. The result shows that there is a significant reduction in the 
concentration of Total coliform and BOD by increasing the dosage of bleaching powder and the maximum removal 
is obtained while using 15cm depth zeolite filter and at a bleaching powder dosage of 1gm/l. 
3.8 Copper leaching 
Copper modification of zeolite promotes the reduction or inactivation of Total coliforms. A high level of copper 
leaching was observed in the effluents taken in the initial days of operation of septic tank. From table 8 it shows the 
copper leaching from Ze-Cu2+ media of 5cm depth filter after first day is 9.3ppm and it is found to be reduced with 
increase in time and leaching after 7 days is found to be 0.05ppm which is lesser than the permissible limit of copper 
as per IS standards (IS-10500-1991). For 10cm depth of filter media and is reduced to 0.3ppm from 12.3ppm. For 
15cm depth filter media, 15ppm is reduced to 0.4ppm after 7days which is within the permissible limits. The 
concentration of Total coliform is observed for the corresponding 7 days and its concentration is also found to be 
decreasing with increase in time. By using 5cm depth filter material, the Total coliform is found to be 
2.1X106CFU/100ml at the first day and is reduced to 2.4 X 104CFU/100ml after 7days. By using 10cm depth filter 
material, it is reduced to 3.9 X 103CFU/100ml after 7days from 4.6X105CFU/100ml. While using 15cm depth filter, 
Bleaching 
powder 
dosages 
(gm/l) 
Total 
coliform 
(CFU/ 
100ml) 
T 
S 
S       
(mg/l) 
Ammonia 
N2 
(mg/l) 
Nitrate 
N2 
(mg/l) 
T 
K 
N 
(mg/l) 
B 
O 
D  
(mg/l) 
Phosphate  
(mg/l) 
0.25 64 0.18 42 0.51 57.8 47 4 
0.5 43 0.18 42 0.51 57.8 37.8 4 
0.75 3 0.18 42 0.51 57.8 26.4 4 
1 3 0.18 42 0.51 57.8 19 4 
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it is reduced to 64 CFU/100ml from 4.3X103CFU/100ml. It is obtained that higher removal is obtained at a zeolite 
depth of 15cm. It also shows that as the zeolite dosage is increased, more removal of Total coliform is obtained. 
          Table 8. Copper leached over 7days and corresponding concentration of Total coliform 
 
HRT 
(days) 
5cm depth 10cm depth 15cm depth 
Cu 
(ppm) 
Total Coliforms 
(CFU/100ml) 
Cu 
(ppm) 
Total Coliforms 
(CFU/100ml) 
Cu 
(ppm) 
Total Coliforms 
(CFU/100ml) 
1 9.3 2.1 x 10
6
 12.3 4.6 x 10
5
 
15 
4300 
2 6.9 6.4 x 10
5
 9.9 2.1 x 10
4
 
12.9 390 
3 5 4.6 X 10
5
 6.4 2400 8 230 
4 3 4.6 X 10
5
 4 2100 5.2 460 
5 1.8 3.9 X 10
5
 2.6 2100 4 240 
6 0.4 2.1 X 10
4
 1 6400 2.4 64 
7 0.05 2.4 X 10
4
 0.3 3900 0.4 64 
 
From the above results it is concluded that, Cu2+modified zeolite showed promising results for Total coliform 
removal in domestic wastewater even though leaching occurs. The result shows the removal of Total coliform 
increases with time and as the zeolite dosage increases, more will be the total coliform removal. In this study, even 
though a little amount of copper leaching is seen, it does not interfere with the removal of total coliforms. 
3. Conclusion 
From this study, it can be concluded that the modified septic tank with baffled septic system coupled with anaerobic 
reactor is very much effective in the removal of Total coliform, TSS, Ammonia Nitrogen, Nitrate Nitrogen, 
Phosphate and BOD. As the filter depth is increased, the removal efficiency of various parameters also gets 
increased. Total coliform concentration reduces to 390 C.F.U/100ml by using 15cm depth zeolite filter at 72hrs 
HRT. Result showed that copper modification is very effective for removing Total coliform. Disinfection is also 
found to be very much effective for removing Total coliform and BOD. In VBST coupled with zeolite filter the 
Total coliform concentration is 390 CFU/100ml which is reduced to 3 CFU/100ml after disinfection. VBST with 
zeolite filter with disinfection removes 94.43% BOD. From the study disinfection is found to be a treatment method 
to remove pathogenic organisms. The results also showed that copper leaching was observed in the effluents taken 
in the initial days of operation of septic tank only. Maximum leaching is observed while using 15cm depth zeolite 
filter. As time is increased copper leaching of the effluent is decreased and the corresponding concentration of Total 
coliform was also decreased by increase in time. Only a little amount of copper gets leached off but it does not 
interfere with the removal of Total coliform. So from the results obtained, VBST coupled with zeolite filter followed 
by disinfection is very much effective in the removal of various parameters, which one can be used for household 
practice. 
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